GROWTH HORMONE AND GROWTH HORMONE 
RELEASING HORMONE COMPOSITIONS 
Introduction 

The present invention relates to novel variants of growth hormone releasing hormone 
(GHRH) that have enhanced resistance to enzymatic degradation and polynucleotides 
encoding said GHRH variants. The present invention relates to methods and therapeutic 
compositions, for the treatment of growth hormone related deficiencies comprising 
administrating to humans, companion animals, livestock or poultry, plasmid compositions 
comprising polynucleotides encoding GHRH or variants thereof, alone or in combination with 
polynucleotides encoding growth hormone or modified growth hormone. The present 
invention further relates to methods and compositions that promote the release and 
expression of growth hormone in order to enhance the growth and performance of companion 
animals, livestock or poultry comprising the administration plasmid compositions encoding 
GHRH variants, GHRH or modified GHRH, and/or GH or modified GH. 

Background of the Invention 

Growth hormone-releasing hormone ("GHRH") is a peptide hormone secreted from 
the hypothalamus. Following secretion, GHRH enters the portal circulation connecting the 
hypothalamus to pituitary gland. GHRH then interacts with its receptors on the pituitary gland 
and induces the release of growth hormone ( M GH W ). GH secreted from the pituitary gland 
enters the general circulation and from there it reaches various organs and tissues of the 
body where it interacts with specific receptors and induces a wide range of developmental 
effects. 

GHRH peptides have been isolated and characterized from several species including 
humans, porcine, ovine and bovine. In each of these species, GHRH is a small polypeptide 
consisting of 44 amino acids (GHRH(1-44)-NH 2 ). However, it has been also shown that 
smaller fragments, most notably those consisting of the first (amino terminal) 29 amino acids 
(referred to as GHRH 1-29 fragment) retain the same intrinsic biological activity as the full 
length parent molecule. 

GHRH is synthesized as a precursor polypeptide consisting of 107 or 108 amino 
acids depending on the species. Following synthesis, the precursor GHRH polypeptide 
undergoes sequential processing. First, the 31 amino acid signal peptide (Met" 30 to Arg°) of 
the GHRH precursor polypeptide is cleaved (Smith et al., 1992, Biotechnology 10:315-319). 
Subsequently, the GHRH precursor polypeptide is cleaved at position 46-47 and at position 
45-46 by a trypsin-like endopeptidase and a carboxypeptidase, respectively, resulting in 
generation of GHRH(1-45)-OH and a 30 amino acid peptide (amino acids 77-107) designated 
GCTP (Brar, A.K. et al., 1991. Endocrinology 129: 3274-3280). The GHRH(1-45)-OH 
polypeptide is further processed by peptidyl glycine a-amidating monooxygenase ( M PAM n ), 
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which transfers an amide group from Gly to Leu and results in the formation of GHRH(1- 
44)-NH 2 , the full length form of GHRH (Brar, A.K. et al., 1991, Endocrinology 129: 3274- 
3280). The GCTP is also undergoes processing by PAM, which results in the transfer of an 
amide group from Gly 77 to Gin 76 . Although the role of GHRH(1-44)-NH 2 in inducing the 
5 release of GH is well established, the role of the GCTP peptide is less clear. One report has 
implicated the GCTP peptide in the control of feeding behavior (Arase, K. et al., 1987, 
Endocrinology 121 :1 960-1 965). 

GH has been identified and its gene cloned from many species including human, 
porcine, bovine, and equine. Unlike GHRH, there exists natural variants of GH within a given 

10 species. For example, bovine GH is released from the pituitary gland in one of four variants 
which differ from one another by one or more amino acids and some studies suggest that 
these variants differ in their potency (e.g., in terms of their ability to increase milk yield). 
Several studies have also identified amino acid substitutions that lead to an increase in the 
affinity of GH to its receptors and/or enhanced stability to enzymatic degradation. Studies 

15 have also shown that immunization against specific peptides from GH (e.g., a peptide 
consisting of amino acids 35 to 53 of GH) leads to production of antibodies that bind growth 
hormone and increase the efficacy of GH treatment, presumably because the antibodies 
delay the clearance of GH from circulation, thus, increasing half-life of GH, and/or protect GH 
from proteolytic degradation (Bomford, F. and Aston, P., 1990, Endocrinology 125:31-38). 

20 Significant research efforts have focused on the structural attributes of GH and 

GHRH, as well as their biological and developmental activities. A number of groups have 
attempted to exploit GH and GHRH in a manner that could provide important therapeutic and 
economic benefits as a result of their use in humans and animals. For example, the 
traditional treatment of GH-deficient children has been the administration of growth hormone 

25 isolated from human pituitary glands, however these preparations are no longer available in 
the United States due to virus-contaminated samples (Vance, 1990, Clin. Chem 36/3 : 415- 
420). Recombinantly expressed and purified GH have been shown to have some benefits in 
treating GH-deficient children, however the combination of recombinantly expressed GH and 
GHRH in the treatment of GH-deficient children has provided conflicting results. (Vance, 

30 supra). Further, purified GH and GHRH must be administered at very high quantities to be 
effective as the exposure of these polypeptides to serum results in their rapid degradation to a 
polypeptide which exhibits considerably different biological and pharmacokinetic properties. 
(Fronman et a!., 1989, J. Clin. Invest. 83:1533-1540). 

Other studies have shown that GH or GHRH administered as purified polypeptides 

35 have significant impact on animal growth (muscle and bone growth), average daily gain, milk 
production, feed efficiency (the ratio of feed consumed to body weight gain), adipose tissue 
accretion and others. For example, it has been shown that daily administration of maximally 



effective closes of GH administered to growing pigs for 33-77 days can increase average daily 
gain -10-20%, improves feed efficiency 13-33%, decrease adipose tissue accretion by as 
much as 70%, and stimulates protein deposition (muscle growth) by as much as 62%. 
(Etherton et al.,1998, Physiological Reviews 78:745-761). Furthermore, when GH was 
administered to dairy cows, milk yields were increased by 10-15% (D4-6kg/day) (Etherton et 
al.,1998, Physiological Reviews 78:745-761). 

A major impediment to fulfilling the therapeutic and economic potential of GHRH 
peptides is their susceptibility to cleavage (and subsequent conversion to inactive forms) by 
specific tissue and plasma proteolytic enzymes; most notably dipeptidylpeplidase IV 
("DPPIV"). A number of researchers have focused on manipulating GHRH in order to 
develop compounds with significant therapeutic potential. Consequently, a wide variety of 
synthetic GHRH peptide analogues have been produced. They consist of GHRH 
polypeptides in which one or more amino acids have been chemically modified or replaced 
with other L- or D- amino acids. These modifications or substitutions are designed to yield 
analogues with biological properties superior to those of the parent molecule in terms of 
potency, stability and resistance to chemical and enzymatic degradation. However, these 
chemically modified polypeptides are not easily or efficiently produced in a suitable form to be 
administered to humans or animals. 

In spite of the significant therapeutic and economic benefits of GH or GHRH alluded 
to above, exogenous supplementation of animals with GH or GHRH proteins have not been 
widely adopted as a component of routine management practices to enhance the quality of 
meat from animals and/or enhance the productivity of livestock. This is because in order to 
get these benefits, animals have to be repeatedly administered GH or GHRH polypeptides 
(often daily, but typically in a slow release formulation given every 7-10 days). (Etherton, T.D., 
1997, Nature Biotechnology 15:1248) This situation is labor intensive, time consuming, 
expensive, and does not fit current management practices where animals are reared in large 
numbers and are handled very infrequently, it is apparent therefore that in order to realize the 
therapeutic and economic benefits of GH and/or GHRH administration, much improved 
formulations for delivery of these hormones must be developed to overcome the current 
limitations of their use; namely the need for repeated administration. 

Summary of the Invention 
The present invention relates to novel variants of GHRH that have enhanced 
resistance to enzymatic degradation and polynucleotides encoding said variants. The present 
invention also relates to pharmaceutical formulations comprising polynucleotide sequences 
encoding GHRH variants alone or in combination with polynucleotide sequences encoding 
GHRH, modified GHRH, GH and/or modified GH. The present invention also relates to 
pharmaceutical formulations comprising GHRH variant peptides alone or in combination with 
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GHRH polypeptides, modified GHRH polypeptides, GH polypeptides and/or modified GH 
polypeptides. The present invention further relates to pharmaceutical formulations comprising 
canine or feline GHRH peptides alone or in combination with GHRH variant polypeptides, 
modified GHRH polypeptides, GH polypeptides and/or modified GH polypeptides. 
5 The present invention relates to therapeutic methods and compositions for the 

treatment of growth hormone related deficiencies comprising growth hormone ("GH") and/or 
growth hormone-releasing hormone ("GHRH") in human, companion animals, livestock and 
poultry. The invention also relates to methods for the improvement in the health of humans, 
companion animals, livestock and poultry. The invention also relates to methods for the 
10 treatment of obesity and frailty of companion animals. The invention further relates to 
methods for the enhancement of the growth and performance of companion livestock and 
poultry. The methods of the present invention comprise pharmaceutical compositions which 
enhance the expression of growth hormone or promote the release of growth hormone or both 
when administered to humans, companion animals, livestock or poultry. According to the 
15 present invention, the term "GHRH" relates to the full length wildtype form of GHRH which is 
44 amino acids (aa) or a precursor form of GHRH. In accordance with the present invention, 
the term "modified GHRH" refers to any amino terminal polypeptide fragment of GHRH from 
29 amino acids to 107 or 108 amino acids in length and any mutant of GHRH, including 
additions, deletions or substitutions at the nucleotide or amino acid level, which retains at 
20 least the level of activity of wildtype GHRH, that is, the ability to induce GH gene transcription 
at levels comparable to wildtype GHRH. 

In accordance with the present invention, the term "GHRH variant" relates to a GHRH 
polypeptide to which one or more amino acids have been attached to the carboxy or amino 
terminus of the polypeptide, or a wildtype GHRH polypeptide that contains a substitution of 
25 one or more amino acids, so that the GHRH variant retains at least equal or enhanced 
wildtype GHRH activity and has enhanced resistance to enzymatic degradation relative to the 
wildtype GHRH. In accordance with the present invention, wildtype GHRH activity is 
measured by its ability to induce GH gene transcription. In accordance with the present 
invention, resistance to enzymatic degradation is determined by the ability of the polypeptide 
30 to resist degradation caused by dipeptidylpeptidase type IV. 

According to the present invention, the term "GH" refers to the full length wildtype 
form of GH, which is 191 amino acids, and "modified GH" refers to any fragment of GH and 
any mutant including additions, deletions or substitutions at the nucleotide or amino acid level, 
which retains at least the level of wildtype activity of GH, that is, the ability to induce insulin 
35 growth factor (IGF) gene transcription at levels comparable to wildtype GH, or mimic the anti- 
adipogenic and lipolytic effects of GH. 
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Description of the Figures 
Figure 1 is a map of the pGHRH-4 construct (SEQ ID No. 47). 
Figure 2 is a map of the pGHRH1-44SK construct (SEQ ID No. 48). 
Figure 3 is a map of the pGHRH1-44WTSK685 construct (SEQ ID No. 49). 
5 Figure 4 is a map of the pGHRH1-44WTSK2014 construct (SEQ ID No. 50). 

Figure 5 is a graph depicting the GHRH expression levels detected in supernatants 
from pGHRH-4 transfected cells. 

Detailed description of the invention 
The present invention relates to novel variants of GHRH that have enhanced 
10 resistance to enzymatic degradation and polynucleotides encoding said GHRH variants. The 
present invention relates to pharmaceutical compositions which promote the release and/or 
expression of GH. In particular, the pharmaceutical compositions of the present invention 
comprise polynucleotide sequences encoding GHRH variants alone or in combination with 
polynucleotide sequences encoding GHRH, modified GHRH, GH and/or modified GH or any 
15 combination thereof. In another embodiment, the pharmaceutical compositions of the present 
invention comprise GHRH variant polypeptides alone or in combination with GHRH 
polypeptides, GHRH modified polypeptides, GH polypeptides or GH modified polypeptides or 
any combination thereof. 

The present invention relates to methods of treating disorders related to GH related 
20 deficiencies in humans, companion animals, livestock and poultry, comprising administering 
pharmaceutical formulations which enhance GH expression and/or release. The present 
invention further relates to methods of treating livestock and poultry in order to enhance 
growth and performance comprising administering pharmaceutical formulations which 
enhance GH expression and/or release. 
25 The pharmaceutical formulations to be administered in accordance with the methods 

of the present invention encompass plasmid compositions comprising (a) polynucleotide 
sequences encoding GHRH variants; (b) polynucleotide sequences encoding GHRH or 
modified GHRH; (c) polynucleotide sequences encoding GH or modified GH; or any 
, combination thereof, wherein the polynucleotide sequences are operably linked to a promoter 
30 or regulatory element, preferably one that is transcriptionally active in muscle tissue. The 
pharmaceutical formulations to be administered in accordance with the methods of the 
present invention also include: i) plasmid compositions comprising polynucleotides encoding 
for GH or modified or variant GHRH gene; ii) plasmid compositions comprising 
polynucleotides encoding for both GH and GHRH genes; iii) plasmid compositions comprising 
35 polynucleotides encoding for a GHRH gene, a GH gene or a gene encoding a fusion protein 
consisting of a peptide from GH and a carrier protein for induction of GH potency-enhancing 
antibodies; (iv) recombinant proteins, peptides, fragments or derivatives thereof comprising 
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canine GHRH or feline GHRH; (v) recombinant proteins, peptides, fragments or derivatives 
thereof of the GHRH variants of the present invention; and (vi) recombinant fusion proteins, 
peptides, fragments or derivatives thereof comprising GH and GHRH. 

In one embodiment, the pharmaceutical compositions of the present invention 
5 comprise polynucleotide sequences encoding canine or feline GHRH alone or in combination 
with polynucleotide sequences encoding GHRH variant, modified GHRH, GH and/or modified 
GH or any combination thereof. In another embodiment, the pharmaceutical compositions of 
the present invention comprise canine or feline GHRH polypeptides alone or in combination 
with GHRH variant polypeptides, modified GHRH, GH polypeptides or GH modified 

10 polypeptides or any combination thereof. The pharmaceutical compositions of the present 
invention are in suitable formulation to be administered to humans, companion animals, 
livestock or poultry for the treatment of growth hormone related deficiencies or the 
enhancement of growth and performance of livestock and poultry. The pharmaceutical 
compositions of the present invention are also in suitable formulation for the treatment of 

15 obesity and frailty of companion animals or the improvement in the health of humans, 
companion animals, livestock, and poultry. 

The present invention relates to therapeutic methods and compositions for the 
treatment of growth hormone related deficiencies comprising growth hormone ("GH W ); 
modified GH; growth hormone releasing hormone ("GHRH**); GHRH variants; modified GHRH 

20 or any combination thereof. The therapeutic compositions of the invention are administered 
to animals, preferably to mammals, more preferably to companion animals (e.g., dogs, cats 
and horses), livestock (e.g., cows and pigs) and poultry (e.g., chickens and turkeys), and most 
preferably to humans. The invention also relates to methods and compositions for the 
enhancement of the growth and performance of animals, more preferably mammals, and most 

25 preferably livestock (e.g., cows and pigs) and poultry (e.g., chickens and turkeys) with the 
proviso that such compositions are not to be administered to mice, rats, rodents, guinea pigs, 
or rabbits. The invention also relates to methods and compositions for the treatment of 
obesity and frailty of animals, preferably to mammals, more preferably to companion animals 
(e.g., dogs, cats and horses). The invention further relates to methods and compositions for 

30 the improvement in the health of animals, preferably to mammals, more preferably to 
companion animals (e.g., dogs, cats and horses), livestock (e.g., cows and pigs) and poultry 
(e.g., chickens and turkeys), and most preferably to humans. 

The present invention is based in part of the discovery of recombinantly engineered 
GHRH variants which retain at least the level of activity wildtype GHRH, that is the ability to 

35 induce GH gene transcription at levels comparable to wildtype GHRH, and which have 
enhanced resistance to enzymatic degradation relative to the wildtype GHRH. The GHRH 
variants of the present invention may be recombinantly expressed at high levels in host cells 



and easily isolated and purified in a form suitable for administration to humans and animals. 
Thus, the GHRH variants of the present invention may be efficiently produced and isolated at 
high levels as opposed to modified GHRH polypeptides in the art which are modified using 
traditional chemistry methods to introduce modifications in the native GHRH sequence. 

In one embodiment, a GHRH variant of the present invention comprises the addition 
of one amino acid, preferably a hydrophobic residue and more preferably a tyrosine residue, 
to the amino terminus (position 1) of GHRH. In another embodiment, a GHRH variant 
comprises the addition of two amino acids, wherein the second amino acid is not proline or 
alanine, to the amino terminus (position 1) of GHRH. In another embodiment, a GHRH 
variant comprises the addition of three amino acids, wherein the second amino acid is proline 
or alanine, to the amino terminus (position 1) of GHRH. in another embodiment, a GHRH 
variant comprises the addition of more than three amino acids to the amino terminus (position 
1) of GHRH, wherein the addition does not interfere with the functional activity of GHRH, that 
is, the ability of GHRH to induce GH gene transcription. In a preferred embodiment of the 
present invention, a GHRH variant comprises the addition of a tripeptide to the amino 
terminus, wherein the tripeptide is diprotin A or diprotin B or a peptide with a structure 
analogous to diprotin A or diprotin B. In yet another embodiment, a GHRH variant comprises 
the addition of glycine and arginine at the carboxy-terminus. This addition results in the 
amidation of GHRH; the glycine and arginine is cleaved off and the last amino acid before the 
added glycine is amidated. 

In one embodiment, a GHRH variant comprises any of the amino acid additions 
described above and the substitution of glycine with alanine at residue 15. In another 
embodiment, a GHRH variant comprises any of the amino acid additions described above and 
the substitution of leucine with alanine at residue 22. In another embodiment, a GHRH variant 
comprises any of the amino acid additions described above and the substitutions of glycine 
with alanine at residue 1 5 and leucine with alanine at residue 22. In another embodiment, a 
GHRH variant comprises any of the amino acid additions at the amino terminus and the amino 
acid additions at the carboxy-terminus. In another embodiment, a GHRH variant comprises 
any of the amino acid additions at the amino terminus described above, the amino acid 
additions at the carboxy-terminus described above, and the substitution of glycine to alanine 
at residue 15. In another embodiment, a GHRH variant comprises any of the amino acid 
additions at the amino terminus described above, the amino acid additions at the carboxy^ 
terminus described above, and the substitution of leucine to alanine at residue 22. In yet 
another embodiment, a GHRH variant comprises any of the amino acid additions at the amino 
terminus described above, the amino acid additions at the carboxy-terminus described above, 
and the substitutions of glycine to alanine at residue 15 and leucine to alanine at residue 22. 
The term "GHRH precursor variant" as used herein refers to a precursor form of the full length 
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wildtype GHRH polypeptide to which one or more amino acids have been attached to the 
amino terminus of the polypeptide and/or contains a substitution of one or more amino acids, 
so that the GHRH precursor variant retains at least equal or enhanced wildtype GHRH activity 
and has enhanced resistance to enzymatic degradation relative to wildtype GHRH. In one 
5 embodiment of the present invention, a GHRH precursor variant comprises the amino acid 
additions and/or the amino acid substitutions described above. The present invention also 
encompasses a fusion variant comprising any of the GHRH variants described above and GH 
or modified GH. The term "fusion variant" as used herein refers to a fusion protein comprising 
GHRH variants or modified GHRH and GH or modified GH. In one embodiment of the 

10 present invention, a fusion variant comprises any of the GHRH variants described above, 
which consist of amino acid additions at the amino terminus and/or amino acid substitutions, 
and GH or modified GH. 

The modifications and/or substitutions of GHRH described herein are made to GHRH 
polypeptides which retain the biological activity at least equal to the full length wildtype GHRH, 

15 preferably a precursor form of GHRH, more preferably the sequence of GHRH consisting of 
about 29 amino acids to about 44 amino acids. The polynucleotide sequences encoding the 
GHRH variants described herein are also within the scope of the present invention. The 
present invention provides that the polypeptides are encoded by the nucleic acid fragments of 
the present invention or by degenerate variants of the nucleic acid fragments of the present 

20 invention. By "degenerate variant" is intended nucleotide fragments which differ from a 
nucleic acid fragment of the present invention (e.g., an ORF) by nucleotide sequence but, due 
to the degeneracy of the genetic code, encode an identical polypeptide sequence. Preferred 
nucleic acid fragments of the present invention are the ORFs that encode proteins. The 
present invention encompasses GHRH variants encoded by the polynucleotide sequence any 

25 species. 

The present invention encompasses polynucleotide sequences encoding precursor 
forms of GHRH, full length wildtype GHRH, modified GHRH, GHRH variants, and fragments 
of GHRH from 29 amino acids to 44 amino acids in length for any species, which retain at 
least the activity of wildtype GHRH. For example, the polynucleotide sequences encoding 

30 human, swine, and bovine growth hormone releasing hormone disclosed in Genbank 
accession number SEGJHSGHRH, accession number U90275, and accession number 
U29611, respectively, are incorporated herein by reference. The present invention also 
encompasses polynucleotide sequences encoding GHRH polypeptides disclosed for any 
species (e.g., the polynucleotide sequence encoding the human GHRH precursor polypeptide 

35 disclosed in Genbank accession number P01286 is incorporated herein by reference). The 
present invention further encompasses polynucleotide sequences encoding full length 
wildtype GH or modified GH for any species. For example, the polynucleotide sequences 



encoding human, swine, and bovine growth hormone disclosed in Genbank accession 
number J03071, accession number U 19787, and accession number E00293, respectively, are 
incorporated herein by reference. The present invention also encompasses polynucleotide 
sequences encoding GH polypeptides disclosed for any species (e.g., the polynucleotide 
sequence encoding the bovine GH polypeptide disclosed in Genbank accession number 
STBO is incorporated herein by reference). 

The polynucleotide sequence encoding GHRH, modified GHRH or GHRH variants 
can be inserted into an appropriate expression vector, i.e., a vector which contains the 
necessary elements for the transcription and translation of the inserted protein-coding 
sequence. The polynucleotide sequence encoding GH or modified GH can be inserted into 
an appropriate expression vector, i.e., a vector which contains the necessary elements for the 
transcription and translation of the inserted protein-coding sequence. The necessary 
transcriptional and translational signals can also be supplied by the native GH or native 
GHRH genes or its flanking regions. A variety of host-vector systems may be utilized to 
express the protein-coding sequence. These include but are not limited to mammalian cell 
systems infected with virus (e.g., vaccinia virus, adenovirus, etc.); insect cell systems infected 
with virus (e.g., baculovirus); microorganisms such as yeast containing yeast vectors, or 
bacteria transformed with bacteriophage, DNA, plasmid DNA, or cosmid DNA. The 
expression elements of vectors vary in their strengths and specificities. Depending on the 
host-vector system utilized, any one of a number of suitable transcription and translation 
elements may be used. In one embodiment, the wildtype or modified human GH gene is 
expressed. In another embodiment, the wildtype, modified or variant human GHRH is 
expressed. In yet another embodiment, the wildtype or modified human GH and the wildtype, 
modified or variant human GHRH gene are expressed. 

Any of the methods previously described for the insertion of DNA fragments into a 
vector may be used to construct expression vectors containing a chimeric gene, comprising 
GH or modified GH and GHRH, modified GHRH or GHRH variants, consisting of appropriate 
transcriptional and translational control signals and the protein coding sequences. These 
methods may include in vitro recombinant DNA and synthetic techniques and in vivo 
recombinants (genetic recombination). Expression of the nucleic acid sequence encoding GH 
or modified GH may be regulated by a second nucleic acid sequence so that the GH or 
modified GH is expressed in a host transformed with the recombinant DNA molecule. 
Expression of the nucleic acid sequence encoding GHRH, modified GHRH or GHRH variant 
may be regulated by a second nucleic acid sequence so that the GHRH modified GHRH or 
GHRH variant is expressed in a host transformed with the recombinant DNA molecule. For 
example, expression of GH or GHRH may be controlled by any promoter or enhancer element 
known in the art. Promoters which may be used to control GH and/or GHRH gene expression 
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include, but are not limited to, the Cytomeglovirus (CMV) immediate early promoter region, 
the SV40 early promoter region (Bernoist and Chambon, 1981, Nature 290:304-310), the 
promoter contained in the 3* long terminal repeat of Rous sarcoma virus (Yamamoto, et al., 
1980, Cell 22:787-797), the herpes thymidine kinase promoter (Wagner et al., 1981, Proc. 
Natl. Acad. Sci. USA 78:1441-1445), the regulatory sequences of the metallothionein gene 
(Brinster et al, 1982, Nature 296 :39-42); prokaryotic expression vectors such as the p- 
lactamase promoter (Villa-Kamaroff et al., 1978, Proc. Natl. Acad. Sci. USA 75:3727-3731), or 
the tac promoter (DeBoer et al., 1983, Proc. Natl. Acad. Sci. USA 80:21-25); see also "Useful 
proteins from recombinant bacteria" in Scientific American, 1980, 242 :74-94; plant expression 
vectors comprising the nopaline synthetase promoter region (Herrera-Estrella et al., Nature 
303 :209-213) or the cauliflower mosaic virus 35S RNA promoter (Gardner et al., 1981, Nucl. 
Acids Res. 9:2871), and the promoter of the photosynthetic enzyme ribulose biphosphate 
carboxylase (Herrera-Estrella et al., 1984, Nature 310 :115-120); promoter elements from 
yeast or other fungi such as the Gal 4 promoter, the ADC (alcohol dehydrogenase) promoter, 
PGK (phosphoglycerol kinase) promoter, alkaline phosphatase promoter, and the following 
animal transcriptional control regions, which exhibit tissue specificity and have been utilized in 
transgenic animals: elastase I gene control region which is active in pancreatic acinar cells 
(Swift et al., 1984, Cell 38:639-646; Ornitz et al., 1986, Cold Spring Harbor Symp. Quant Biol. 
50:399-409; MacDonald, 1987, Hepatology 7:425-515); insulin gene control region which is 
active in pancreatic beta cells (Hanahan, 1985, Nature 315 :115-122), immunoglobulin gene 
control region which is active in lymphoid cells (Grosschedl et al., 1984, Cell 38:647-658; 
Adames et al., 1985, Nature 318:533-538; Alexander et al., 1987, Mot. Cell. Biol. 7:1436- 
1444), mouse mammary tumor virus control region which is active in testicular, breast, 
lymphoid and mast cells (Leder et al., 1986, Cell 45:485-495), albumin gene control region 
which is active in liver (Pinkert et al., 1987, Genes and Devel. 1^:268-276), alpha-fetoprotein 
gene control region which is active in liver (Krumlauf et al., 1985, Mol. Cell. Biol. 5:1639-1648; 
Hammer et al., 1987, Science 235 :53-58; alpha 1 -antitrypsin gene control region which is 
active in the liver (Kelsey et al., 1987, Genes and Devel. 1^:161-171), beta-globin gene control 
region which is active in myeloid cells (Mogram et al., 1985, Nature 315 :338-340; Kollias et 
al., 1986, Cell 46:89-94; myelin basic protein gene control region which is active in 
oligodendrocyte cells in the brain (Readhead et al., 1987, Cell 48:703-712); myosin light 
chain-2 gene control region which is active in skeletal muscle (Sani, 1985, Nature 314 :283- 
286), swine alpha-skeletal actin control region which is active in muscle (Reecy, M. et al., 
1998, Animal Biotechnology 9:101-120) and gonadotropic releasing hormone gene control 
region which is active in the hypothalamus (Mason et al., 1986, Science 234:1372-1378). 

In a specific embodiment, a vector is used that comprises a promoter operably linked 
to GH- or modified GH-encoding nucleic acid, one or more origins of replication, and, 



optionally, one or more selectable markers (e.g., an antibiotic resistance gene). In another 
embodiment, a vector is used that comprises a promoter operably linked to GHRH-, modified 
GHRH- or GHRH variant-encoding nucleic acid, one or more origins of replication, and, 
optionally, one or more selectable markers (e.g., an antibiotic resistance gene). In yet another 
embodiment, a vector is used that comprises a promoter operably linked to GH or modified 
GH and GHRH, modified GHRH or GHRH variant-encoding nucleic acids, one or more origins 
of replication, and, optionally, one or more selectable markers (e.g., an antibiotic resistance 
gene). 

Expression vectors containing gene inserts can be identified by three general 
approaches: (a) nucleic acid hybridization, (b) presence or absence of "marker" gene 
functions, and (c) expression of inserted sequences. In the first approach, the presence of the 
GH- or modified GH-encoding polynucleotides and GHRH-, modified GHRH- or GHRH 
variant-encoding polynucleotides inserted in an expression vector(s) can be detected by 
nucleic acid hybridization using probes comprising sequences that are homologous to the 
inserted genes. In the second approach, the recombinant vectotfhost system can be 
identified and selected based upon the presence or absence of certain "marker" gene 
functions (e.g., thymidine kinase activity, resistance to antibiotics, transformation phenotype, 
occlusion body formation in baculovirus, etc.) caused by the insertion of the gene(s) in the 
vector(s). For example, if the GH gene is inserted within the marker gene sequence of the 
vector, recombinants containing the GH gene insert can be identified by the absence of the 
marker gene function. In the third approach, recombinant expression vectors can be identified 
by assaying the gene product expressed by the recombinant. Such assays can be based, for 
example, on the physical or functional properties of the GH and GHRH in in vitro assay 
systems, e.g., binding of GH with anti-GH antibody or binding of GHRH with anti-GHRH 
antibody. 

Once a particular recombinant DNA molecule is identified and isolated, several 
methods known in the art may be used to propagate it. Once a suitable host system and 
growth conditions are established, recombinant expression vectors can be propagated and 
prepared in quantity. As previously explained, the expression vectors which can be used 
include, but are not limited to, the following vectors or their derivatives: human or animal 
viruses such as vaccinia virus or adenovirus; insect viruses such as baculovirus; yeast 
vectors; bacteriophage vectors (e.g., lambda), and plasmid and cosmid DNA vectors, to name 
but a few. 

In addition, a host cell strain may be chosen which modulates the expression of the 
inserted sequences, or modifies and processes the gene product in the specific fashion 
desired. Expression from certain promoters can be elevated in the presence of certain 
inducers; thus, expression of the genetically engineered may be controlled. Furthermore, 



different host cells have characteristic and specific mechanisms for the translational and post- 
translational processing and modification (e.g., glycosylation, phosphorylation of proteins). 
Appropriate cell lines or host systems can be chosen to ensure the desired modification and 
processing of the foreign protein expressed. For example, expression in a bacterial system 
can be used to produce an unglycosylated core protein product. Expression in yeast will 
produce a glycosylated product. Expression in mammalian cells can be used to ensure 
"native" glycosylation of a heterologous protein. Furthermore, different vector/host expression 
systems may effect processing reactions to different extents. 

For long-term, high-yield production of recombinant proteins, stable expression is 
preferred. For example, cell lines which stably express the differentially expressed or 
pathway gene protein may be engineered. Rather than using expression vectors which 
contain viral origins of replication, host cells can be transformed with DNA controlled by 
appropriate expression control elements (e.g., promoter, enhancer, sequences, transcription 
terminators, polyadenylation sites, etc.), and a selectable marker. Following the introduction 
of the foreign DNA, engineered cells may be allowed to grow for 1-2 days in an enriched 
media, and then are switched to a selective media. The selectable marker in the recombinant 
plasmid confers resistance to the selection and allows cells to stably integrate the plasmid into 
their chromosomes and grow to form foci which in turn can be cloned and expanded into cell 
lines. This method may advantageously be used to engineer cell lines which express the 
differentially expressed or pathway gene protein. Such engineered cell lines may be 
particularly useful in screening and evaluation of compounds that affect the endogenous 
activity of the differentially expressed or pathway gene protein. 

A number of selection systems may be used, including but not limited to the herpes 
simplex virus thymidine kinase (Wigler, et al., 1977, Cell 11^:223), hypoxanthine-guanine 
phosphoribosyltransferase (Szybalska & Szybalski, 1962, Proc. Natl. Acad. Sci. USA 48:2026), 
and adenine phosphoribosyltransferase (Lowy et al., 1980, Cell 22:817) genes can be 
employed in tk", hgprf or aprf cells, respectively. Also, antimetabolite resistance can be used 
as the basis of selection for dhfr, which confers resistance to methotrexate (Wigler et a!., 1980, 
Natl. Acad. Sci. USA 77:3567; O'Hare et al., 1981, Proc. Natl. Acad. Sci. USA 78:1527); gpt, 
which confers resistance to mycophenolic acid (Mulligan & Berg, 1981, Proc. Natl. Acad. Sci. 
USA 78:2072); neo, which confers resistance to the aminoglycoside G-418 (Colberre-Garapin 
et al., 1981, J. Mol. Biol. 150 :1); and hygro, which confers resistance to hygromycin (Santerre 
etal., 1984, Gene 30:147) genes. 

The present invention provides for the treatment or prevention of GH associated 
diseases or disorders, including those disorders characterized by GH deficiency, comprising 
the administration of a pharmaceutical formulation to a human, companion animal, livestock or 
poultry which enhances GH expression and/or release. The present invention also provides for 
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methods and protoco.s to enhance the growth and performance of .ivestock and poultry 
comprising the administration of a pharmaceutical formulation to a companion animal .ivestock 
or poultry which enhances GH expression and/or re.ease. The present invention a.so provides 
or the treatment of obesity and frailty, comprising the administration of a pharmaceutical 
formulate to a companion anima. which enhances or modulates GH expression and/or 
re.ease. The present invention further provides for methods for the improvement in health 
comprising the administration of a pharmaceutical formulation to a human, companion anima.' 
.ivestock or pou.try which enhances GH expression and/or re.ease. ,n accordance with the 
invention, methods of the present invention encompass the administration of pharmaceutical 
formu.ations comprising: (a) polynucleotide sequences encoding GHRH variants alone or in 
combination with polynucleotide sequences encoding GHRH, modified GHRH, GH. modified 
GH or any combination thereof, wherein the polynudeotide sequences are operab.y .inked to a 
promoter or regu.atory e.ement. preferab.y one that is transcriptional active in musde tissue- 
(b) polynudeotide sequences encoding canine or feline GHRH a.one or in combination with 
polynucleotide sequences encoding GHRH variants, modified GHRH. GH. modified GH or any 
combination thereof, wherein the P o.ynuc.eotide sequences are operab.y .inked to a promoter 
or regu.atory e.ement. preferab.y one that is transcriptional active in musde tissue- (c) 
po.ynucleotide sequences encoding GHRH. modified GHRH. GH. modified GH or 'any 
combination thereof wherein the polynucleotide sequences are operab.y .inked to a promoter 
or regulatory e.ement. preferab.y one that is transcriptionally active in musde tissue; (c) variant 
GHRH polypeptides alone, expressed as a fusion protein, or in combination with GHRH 
modified GHRH. GH or modified GH po.ypeptides or any combination thereof; or (d) canine or 
fehne GHRH po.ypeptides a.one. expressed as a fusion protein, or in combination with GHRH 
variants, modified GHRH. GH or modified GH polypeptides or any combination thereof 

Generally, administration of products of a species origin or species reactivity (in the 
case of antibodies) that is the same species as that of the patient is preferred. Thus in a 
preferred embodiment, human GH and/or GHRH genes, gene fragments or derivatives thereof 
are administered to a human patient for therapy or prophylaxis. 

In a specific embodiment, nucleic acids comprising sequences encoding GH and/or 
GHRH or functional derivatives thereof, are administered to promote the re.ease and/or 
elevation of growth hormone, by way of gene therapy. Gene therapy refers to therapy 
performed by the administration to a subject of an expressed or expressib.e nudeic acid In 
this embodiment of the invention, the nucleic acids produce their encoded protein that mediate 
a therapeutic effect by promoting the function of GH. 

Any of the methods for gene therapy available in the art can be used according to the 
present invention. Exemplary methods are described below. 
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For general reviews of the methods of gene therapy,' see Goldspiel et al 1993 
Clinical Pharmacy 12:488-505; Wu and Wu, 1991, Biotherapy 3:87-95; To.stoshev. 1993 Ann 
Rev. Pharmacol. Toxicol. 32:573-596; Mulligan. 1993. Science 260:926-932; and Morgan and 
Anderson. 1993. Ann. Rev. Biochem. 62:191-217; May. 1993. TIBTECH 11(5):155-215) 
Methods commonly known in the art of recombinant DNA technology which can be used are 
described in Ausube. et al. (eds.), 1993. Current Protocols in Molecular Biology. John Wiley & 
Sons. NY; and Krieg.er. 1990. Gene Transfer and Expression. A Laboratory Manual. Stockton 
Press, NY. 

In a preferred aspect, the compound comprises nucleic acid sequences encoding GH 
or modified GH and GHRH. modified GHRH or GHRH variants, said nucleic acid sequences 
be.ng part of expression vectors that express GH or modified GH and GHRH. modified GHRH 
or GHRH variants in a suitable host. In particular, such nucleic acid sequences have 
promoters operably linked to the GH or modified GH and GHRH. modified GHRH or GHRH 
vanants coding regions, said promoters being inducible or constitutive, and. optionally tissue- 
specific. In another particular embodiment, nucleic acid molecules are used in which the GH or 
modified GH and GHRH. modified GHRH or GHRH variants coding sequences and any other 
desrred sequences are flanked by regions that promote homologous recombination at a 
des.red s.te in the genome, thus providing for intrachromosomal expression of the GH or 
modified GH and GHRH. modified GHRH or GHRH variants nucleic acids (Keller and Smithies 
1989. Proc. Natl. Acad. Sci. USA 86:8932-8935; Zijlstra et al.. 1989. Nature 342 :435-438) 

Delivery of the nucleic acids into a patient may be either direct, in which case the 
pat.ent is directly exposed to the nucleic acid or nucleic acid-carrying vectors, or indirect in 
wh,ch case, cells are first transformed with the nucleic acids in vitro, then transplanted into the 
pat.ent. These two approaches are known, respectively, as in vivo or ex vivo gene therapy 

In a specific embodiment, the nucleic acid sequences are directly administered in vivo 
where it is expressed to produce the encoded product. This can be accomplished by any of 
numerous methods known in the art, e.g.. by constructing them as part of an appropriate 
nucle.c acid expression vector and administering it so that they become intracellular eg by 
.nfecfon using defective or attenuated retrovirals or other viral vectors (see U.S. Patent No 
4.980,286). or by direct injection of naked DNA. or by use of microparticle bombardment (e g 
a gene gun; Biolistic. Dupont). or coating with lipids or cell-surface receptors or transfecting 
agents, encapsulation in liposomes, microparticles. or microcapsules, or by administering them 
.n ..nkage to a peptide which is known to enter the nucleus, by administering it in linkage to a 
l.gand subject to receptor-mediated endocytosis (see. e.g.. Wu and Wu. 1987. J. Biol Chem 
262:4429-4432) (which can be used to target cell types specifically expressing the receptors) 
etc. In another embodiment, nucleic acid-ligand complexes can be formed in which the ligand 
compnses a fusogenic viral peptide to disrupt endosomes. allowing the nucleic acid to avoid 
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lysosomal degradation. In yet another embodiment, the nucleic acid can be targeted in vivo for 
cell specific uptake and expression, by targeting a specific receptor (see, e.g., PCT 
Publications WO 92/06180 dated April 16, 1992 (Wu et al.); WO 92/22635 dated December 23, 
1992 (Wilson et al.); WO92/20316 dated November 26, 1992 (Findeis et al.); W093/14188 
5 dated July 22, 1993 (Clarke et al.), WO 93/20221 dated October 14, 1993 (Young)). 
Alternatively, the nucleic acid can be introduced intracellular^ and incorporated within host cell 
DNA for expression, by homologous recombination (Koller and Smithies, 1989, Proc. Natl. 
Acad. Sci. USA 86:8932-8935; Zijlstra et al., 1989, Nature 342:435-438). 

In a specific embodiment, viral vectors that contain nucleic acid sequences encoding 

10 GH or modified GH and/or GHRH, modified GHRH or GHRH variants are used. For example, 
a retroviral vector can be used (see Miller et al., 1993, Meth. Enzymol. 217:581-599). These 
retroviral vectors have been to delete retroviral sequences that are not necessary for 
packaging of the viral genome and integration into host cell DNA. The nucleic acid sequences 
encoding the GH or modified GH and GHRH, modified GHRH or GHRH variants to be used in 

15 gene therapy are cloned into one or more vectors, which facilitates delivery of the gene into a 
patient. More detail about retroviral vectors can be found in Boesen et al., 1994, Biotherapy 
6:291-302, which describes the use of a retroviral vector to deliver the mdrt gene to 
hematopoietic stem cells in order to make the stem cells more resistant to chemotherapy. 
Other references illustrating the use of retroviral vectors in gene therapy are: Clowes et al., 

20 1994. J. Clin. Invest. 93:644-651; Kiem et al., 1994, Blood 83:1467-1473; Salmons and 
Gunzberg, 1993, Human Gene Therapy 4:129-141; and Grossman and Wilson, 1993, Cum 
Opin. in Genetics and DeveL 3:1 10-1 14. 

Adenoviruses are other viral vectors that can be used in gene therapy. Adenoviruses 
are especially attractive vehicles for delivering genes to respiratory epithelia. Adenoviruses 

25 naturally infect respiratory epithelia where they cause a mild disease. Other targets for 
adenovirus-based delivery systems are liver, the central nervous system, endothelial cells, and 
muscle. Adenoviruses have the advantage of being capable of infecting non-dividing cells. 
Kozarsky and Wilson, 1993, Current Opinion in Genetics and Development 3:499-503 present 
a review of adenovirus-based gene therapy. Bout et al., 1994, Human Gene Therapy 5:3-10 

30 demonstrated the use of adenovirus vectors to transfer genes to the respiratory epithelia of 
rhesus monkeys. Other instances of the use of adenoviruses in gene therapy can be found in 
Rosenfeld et al., 1991, Science 252:431-434; Rosenfeld et al., 1992, Cell 68:143-155; 
Mastrangeli et al., 1993, J. Clin. Invest 9^:225-234; PCT Publication W094/12649; and Wang, 
et al., 1995, Gene Therapy 2:775-783. In a preferred embodiment, adenovirus vectors are 

35 used. Adeno-associated virus (AAV) has also been proposed for use in gene therapy (Walsh 
et al., 1993, Proc. Soc. Exp. Biol. Med. 204:289-300; U.S. Patent No. 5,436,146). 
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Another approach to gene therapy involves transferring a gene to cells in tissue culture 
by such methods as electroporation, lipofection, calcium phosphate mediated transfection, or 
viral infection. Usually, the method of transfer includes the transfer of a selectable marker to 
the cells. The cells are then placed under selection to isolate those cells that have taken up 
and are expressing the transferred gene. Those cells are then delivered to a patient. 

In this embodiment, the nucleic acid is introduced into a cell prior to administration in 
vivo of the resulting recombinant cell. Such introduction can be carried out by any method 
known in the art, including but not limited to transfection, electroporation, microinjection, 
infection with a viral or bacteriophage vector containing the nucleic acid sequences, cell fusion, 
chromosome-mediated gene transfer, microcell-mediated gene transfer, spheroplast fusion, 
etc. Numerous techniques are known in the art for the introduction of foreign genes into cells 
(see, e.g., Loeffler and Behr. 1993, Meth. Enzymol. 217:599-618; Cohen et al., 1993, Meth. 
EnzymoL 217:618-644; Cline, 1985, Pharmac. Ther. 29:69-92) and may be used in accordance 
with the present invention, provided that the necessary developmental and physiological 
functions of the recipient cells are not disrupted. The technique should provide for the stable 
transfer of the nucleic acid to the cell, so that the nucleic acid is expressible by the ceil and 
preferably heritable and expressible by its cell progeny. 

The resulting recombinant cells can be delivered to a subject by various methods 
known in the art. Recombinant blood cells (e.g., hematopoietic stem or progenitor cells) are 
preferably administered intravenously. The amount of cells envisioned for use depends on the 
desired effect, subject=s state, etc., and can be determined by one skilled in the art. 

Cells into which a nucleic acid can be introduced for purposes of gene therapy 
encompass any desired, available cell type, and include but are not limited to epithelial cells, 
endothelial cells, keratinocytes, fibroblasts, muscle cells, hepatocytes; blood cells such as 
T lymphocytes, B lymphocytes, monocytes, macrophages, neutrophils, eosinophils, 
megakaryocytes, granulocytes; various stem or progenitor cells, in particular hematopoietic 
stem or progenitor cells, e.g., as obtained from bone marrow, umbilical cord blood, peripheral 
blood, fetal liver, etc. 

In a preferred embodiment, the cell used for gene therapy is autologous to the subject. 

In an embodiment in which recombinant cells are used in gene therapy, nucleic acid 
sequences encoding GH or modified GH and/or GHRH, modified GHRH. or GHRH variants are 
introduced into the cells such that they are expressible by the cells or their progeny, and the 
recombinant cells are then administered in vivo for therapeutic effect. In a specific 
embodiment, stem or progenitor cells are used. Any stem and/or progenitor cells which can be 
isolated and maintained in vitro can potentially be used in accordance with this embodiment of 
the present invention (see e.g. PCT Publication WO 94/08598, dated April 28, 1994; Stemple 
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and Anderson, 1992, Cell 71:973-985; Rheinwald, 1980, Meth. Cell Bio. 21A:229; and 
Pittelkow and Scott, 1986, Mayo Clinic Proc. 61:771). 

In a specific embodiment, the nucleic acid to be introduced for purposes of gene 
therapy comprises an inducible promoter operably linked to the coding region, such that 
5 expression of the nucleic acid is controllable by controlling the presence or absence of the 
appropriate inducer of transcription. 

The polypeptides of the invention include polypeptides which comprise the amino acid 
sequence of canine or feline GHRH. The polypeptides of the invention also include 
polypeptides which comprise the amino acid sequence of a GHRH variant of the present 

10 invention. The polypeptides of the invention further include polypeptides which comprise the 
amino acid sequence of GH or modified and GHRH or modified GHRH. Protein compositions 
of the present invention may further comprise an acceptable carrier, such as a hydrophilic, e.g., 
pharmaceutical^ acceptable, carrier. 

The invention also relates to methods for producing a polypeptide comprising growing 

15 a culture of the cells of the invention in a suitable culture medium, and purifying the protein 
from the culture. For example, the methods of the invention include a process for producing a 
polypeptide in which a host cell containing a suitable expression vector that includes a 
polynucleotide of the invention is cultured under conditions that allow expression of the 
encoded polypeptide. The polypeptide can be recovered from the culture, conveniently from 

20 the culture medium, and further purified. 

The present invention further provides isolated polypeptides encoded by the nucleic 
acid fragments of the present invention or by degenerate variants of the nucleic acid fragments 
of the present invention. By "degenerate variant is intended nucleotide fragments which differ 
from a nucleic acid fragment of the present invention (e.g., an ORF) by nucleotide sequence 

25 but, due to the degeneracy of the genetic code, encode an identical polypeptide sequence. 
Preferred nucleic acid fragments of the present invention are the ORFs that encode proteins. A 
variety of methodologies known in the art can be utilized to obtain any one of the isolated 
polypeptides or proteins of the present invention. At the simplest level, the amino acid 
sequence can be synthesized using commercially available peptide synthesizers. This is 

30 particularly useful in producing small peptides and fragments of larger polypeptides. 
Fragments are useful, for example, in generating antibodies against the native polypeptide. In 
an alternative method, the polypeptide or protein is purified from bacterial cells which naturally 
produce the polypeptide or protein. One skilled in the art can readily follow known methods for 
isolating polypeptides and proteins in order to obtain one of the isolated polypeptides or 

35 proteins of the present invention. These include, but are not limited to, 
immunochromatography, HPLC, size-exclusion chromatography, ion-exchange 
chromatography, and immuno-affinity chromatography. See, e.g., Scopes, Protein Purification: 
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Principles and Practice, Springer- Verlag (1994); Sambrook, et a/., in Molecular Cloning: A 
Laboratory Manual; Ausubel et a/., Current Protocols in Molecular Biology, 

The polypeptides and proteins of the present invention can alternatively be purified 
from cells which have been altered to express the desired polypeptide or protein. As used 
5 herein, a cell is said to be altered to express a desired polypeptide or protein when the cell, 
through genetic manipulation, is made to produce a polypeptide or protein which it normally 
does not produce or which the cell normally produces at a lower level. One skilled in the art 
can readily adapt procedures for introducing and expressing either recombinant or synthetic 
sequences into eukaryotic or prokaryotic cells in order to generate a cell which produces one of 

10 the polypeptides or proteins of the present invention. The purified polypeptides can be used in 
in vitro binding assays which are well known in the art to identify molecules which bind to the 
polypeptides. These molecules include but are not limited to, for e.g., small molecules, 
molecules from combinatorial libraries, antibodies or other proteins. 

The protein of the invention may also be expressed as a product of transgenic animals, 

15 e.g., as a component of the milk of transgenic cows, goats, pigs, or sheep which are 
characterized by somatic or germ cells containing a nucleotide sequence encoding the protein. 

The protein may also be produced by known conventional chemical synthesis. 
Methods for constructing the proteins of the present invention by synthetic means are known to 
those skilled in the art. The synthetically-constructed protein sequences, by virtue of sharing 

20 primary, secondary or tertiary structural and/or conformational characteristics with proteins may 
possess biological properties in common therewith, including protein activity. Thus, they may 
be employed as biologically active or immunological substitutes for natural, purified proteins in 
screening of therapeutic compounds and in immunological processes for the development of 
antibodies. 

25 The protein may also be produced by operably linking the isolated polynucleotide of 

the invention to suitable control sequences in one or more insect expression vectors, and 
employing an insect expression system. Materials and methods for baculovirus/insect cell 
expression systems are commercially available in kit form from, e.g.. Invitrogen, San Diego, 
Calif., U.S.A. (the MaxBat.RTM. kit), and such methods are well known in the art, as described 

30 in Summers and Smith, Texas Agricultural Experiment Station Bulletin No. 1555 (1987), 
incorporated herein by reference. As used herein, an insect cell capable of expressing a 
polynucleotide of the present invention is "transformed." 

The protein of the invention may be prepared by culturing transformed host cells under 
culture conditions suitable to express the recombinant protein. The resulting expressed protein 

35 may then be purified from such culture (i.e., from culture medium or cell extracts) using known 
purification processes, such as gel filtration and ion exchange chromatography. The 
purification of the protein may also include an affinity column containing agents which will bind 
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to the protein; one or more column steps over such affinity resins as concanavalin A-agarose, 
heparin-toyopearl.RTM. or Cibacrom blue 3GA Sepharose.RTM.; one or more steps involving 
hydrophobic interaction chromatography using such resins as phenyl ether, butyl ether, or 
propyl ether; or immunoaffinity chromatography. 
5 Alternatively, the protein of the invention may also be expressed in a form which will 

facilitate purification. For example, it may be expressed as a fusion protein, such as those of 
maltose binding protein (MBP), glutathione-S-transferase (GST) or thioredoxin (TRX). Kits for 
expression and purification of such fusion proteins are commercially available from New 
England BioLab (Beverly, Mass.), Pharmacia (Piscataway, N.J.) and In Vitrogen, respectively. 

10 The protein can also be tagged with an epitope and subsequently purified by using a specific 
antibody directed to such epitope. One such epitope ("Flag") is commercially available from 
Kodak (New Haven, Conn.). 

Finally, one or more reverse-phase high performance liquid chromatography (RP- 
HPLC) steps employing hydrophobic RP-HPLC media, e.g., silica gel having pendant methyl or 

15 other aliphatic groups, can be employed to further purify the protein. Some or all of the 
foregoing purification steps, in various combinations, can also be employed to provide a 
substantially homogeneous isolated recombinant protein. The protein thus purified is 
substantially free of other mammalian proteins and is defined in accordance with the present 
invention as an "isolated protein." 

20 The compounds of the invention are preferably tested in vitro, and then in vivo for the 

desired therapeutic or prophylactic activity, prior to use in humans. For example, in vitro 
assays which can be used to determine whether administration of a specific compound is 
indicated, include in vitro cell culture assays in which a patient tissue sample is grown in 
culture, and exposed to or otherwise administered a compound, and the effect of such 

25 compound upon the tissue sample is observed. 

The expression of GH or modified GH and GHRH, modified GHRH or GHRH variants 
can be assayed by the immunoassays, gel electrophoresis followed by visualization, or any 
other method known to those skilled in the art. 

In various specific embodiments, in vitro assays can be carried out with representative 

30 cells of cell types involved in a patient's disorder, to determine if a compound has a desired 
effect upon such cell types. In accordance with the present invention, the functional activity of 
GHRH can be measured by its ability to induce GH gene transcription in vitro. In accordance 
with the present invention, the functional activity of GHRH can be measured by its ability to 
induce IGF gene transcription in vitro. 

35 Compounds for use in therapy can be tested in suitable animal model systems prior to 

testing in humans, including but not limited to pigs, chicken, cows or monkeys. 
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The invention provides methods of treatment (and prophylaxis) by administration to a 
subject of an effective amount of a compound of the invention. In a preferred aspect, the 
compound is substantially purified (e.g., substantially free from substances that limit its effect 
or produce undesired side-effects). The subject is preferably an animal, including but not 
5 limited to animals such as cows, pigs, horses, chickens, cats, dogs, etc., and is preferably a 
mammal, and most preferably human. In a specific embodiment, a non-human mammal is the 
subject. 

Formulations and methods of administration that can be employed when the 
compound comprises a nucleic acid are described above; additional appropriate formulations 

10 and routes of administration can be selected from among those described herein below. 

Various delivery systems are known and can be used to administer a compound of the 
invention, e.g., encapsulation in liposomes, microparticles, microcapsules, recombinant cells 
capable of expressing the compound, receptor-mediated endocytosis (see, e.g., Wu and Wu, 
1987, J. Biol. Chem. 262:4429-4432), construction of a nucleic acid as part of a retroviral or 

15 other vector, etc. Methods of introduction include but are not limited to intratumoral, 
intradermal, intramuscular, intraperitoneal, intravenous, subcutaneous, intranasal, epidural, 
and oral routes. The compounds may be administered by any convenient route, for example 
by infusion or bolus injection, by absorption through epithelial or mucocutaneous linings (e.g., 
oral mucosa, rectal and intestinal mucosa, etc.) and may be administered together with other 

20 biologically active agents. Administration can be systemic or local. In addition, it may be 
desirable to introduce the pharmaceutical compositions of the invention into the central 
nervous system by any suitable route, including intraventricular and intrathecal injection; 
intraventricular injection may be facilitated by an intraventricular catheter, for example, 
attached to a reservoir, such as an Ommaya reservoir. Pulmonary administration can also be 

25 employed, e.g., by use of an inhaler or nebulizer, and formulation with an aerosolizing agent. 

In a specific embodiment, it may be desirable to administer the pharmaceutical 
compositions of the invention locally to the area in need of treatment; this may be achieved by, 
for example, and not by way of limitation, local infusion during surgery, topical application, e.g., 
in conjunction with a wound dressing after surgery, by injection, by means of a catheter, by 

30 means of a suppository, or by means of an implant, said implant being of a porous, non- 
porous, or gelatinous material, including membranes, such as sialastic membranes, or fibers. 
In one embodiment, administration can be by direct injection at the site (or former site) of a 
malignant tumor or neoplastic or pre-neoplastic tissue. 

In another embodiment, the compound can be delivered in a vesicle, in particular a 

35 liposome (see Langer, Science 249:1527-1533 (1990); Treat et al., in Liposomes in the 
Therapy of Infectious Disease and Cancer, Lopez-Berestein and Fidler (eds.), Liss, New York, 
pp. 353-365 (1989); Lopez-Berestein, ibid., pp. 317-327; see generally ibid.) 
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In yet another embodiment, the compound can be delivered in a controlled release 
system. In one embodiment, a pump may be used (see Langer, supra] Sefton, CRC Crit. Ref. 
Biomed. Eng. 14:201 (1987); Buchwald et al., Surgery 88:507 (1980); Saudek et al., N. Engl. J. 
Med. 321^:574 (1989)). In another embodiment, polymeric materials can be used (see Medical 
5 Applications of Controlled Release, Langer and Wise (eds.), CRC Pres., Boca Raton, Florida 
(1974); Controlled Drug Bioavailability, Drug Product Design and Performance, Smolen and 
Ball (eds.), Wiley, New York (1984); Ranger and Peppas, J. Macromol. Sci. Rev. Macromol. 
Chem. 23:61 (1983); see also Levy et al., Science 228:190 (1985); During et al., Ann. Neurol. 
25:351 (1989); Howard et al., J. Neurosurg. 71:105 (1989)). In yet another embodiment, a 
10 controlled release system can be placed in proximity of the therapeutic target, Le. t the brain, 
thus requiring only a fraction of the systemic dose (see, e.g., Goodson, in Medical Applications 
of Controlled Release, supra, vol. 2, pp. 1 15-138 (1984)). 

Other controlled release systems are discussed in the review by Langer (Science 
249:1527-1533(1990)). 

15 In a specific embodiment where the compound of the invention is a nucleic acid 

encoding a protein, the nucleic acid can be administered in vivo to promote expression of its 
encoded protein, by constructing it as part of an appropriate nucleic acid expression vector and 
administering it so that it becomes intracellular, e.g., by use of a retroviral vector (see U.S. 
Patent No. 4,980,286), or by direct injection, or by use of microparticle bombardment (e.g., a 

20 gene gun; Biolistic, Dupont), or coating with lipids or cell-surface receptors or transfecting 
agents, or by administering it in linkage to a homeobox-like peptide which is known to enter the 
nucleus (see e.g., Joliot et al., 1991, Proc. Natl. Acad. Sci. USA 88:1864-1868), etc. 
Alternatively, a nucleic acid can be introduced intracellular^ and incorporated within host cell 
DNA for expression, by homologous recombination. 

25 The present invention also provides pharmaceutical compositions. Such compositions 

comprise a therapeutically effective amount of a compound, and a pharmaceutical^ acceptable 
carrier. In a specific embodiment, the term "pharmaceutical^ acceptable" means approved by 
a regulatory agency of the Federal or a state government or listed in the U.S. Pharmacopeia or 
other generally recognized pharmacopeia for use in animals, and more particularly in humans. 

30 The term "carrier" refers to a diluent, adjuvant, excipient, or vehicle with which the therapeutic 
is administered. Such pharmaceutical carriers can be sterile liquids, such as water and oils, 
including those of petroleum, animal, vegetable or synthetic origin, such as peanut oil, soybean 
oil, mineral oil, sesame oil and the like. Water is a preferred carrier when the pharmaceutical 
composition is administered intravenously. Saline solutions and aqueous dextrose and 

35 glycerol solutions can also be employed as liquid carriers, particularly for injectable solutions. 
Suitable pharmaceutical excipients include starch, glucose, lactose, sucrose, gelatin, malt, rice, 
flour, chalk, silica gel, sodium stearate, glycerol monostearate, talc, sodium chloride, dried skim 
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milk, glycerol, propylene, glycol, water, ethanol and the like. The composition, if desired, can 
also contain minor amounts of wetting or emulsifying agents, or pH buffering agents. These 
compositions can take the form of solutions, suspensions, emulsion, tablets, pills, capsules, 
powders, sustained-release formulations and the like. The composition can be formulated as a 
5 suppository, with traditional binders and carriers such as triglycerides. Oral formulation can 
include standard carriers such as pharmaceutical grades of mannitol, lactose, starch, 
magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, etc. Examples of 
suitable pharmaceutical carriers are described in "Remington's Pharmaceutical Sciences" by 
E.W. Martin. Such compositions will contain a therapeutically effective amount of the 
10 compound, preferably in purified form, together with a suitable amount of carrier so as to 
provide the form for proper administration to the patient. The formulation should suit the mode 
of administration. 

In a preferred embodiment, the composition is formulated in accordance with routine 
procedures as a pharmaceutical composition adapted for intravenous administration to human 

15 beings. Typically, compositions for intravenous administration are solutions in sterile isotonic 
aqueous buffer. Where necessary, the composition may also include a solubilizing agent and 
a local anesthetic such as lignocaine to ease pain at the site of the injection. Generally, the 
ingredients are supplied either separately or mixed together in unit dosage form, for example, 
as a dry lyophilized powder or water free concentrate in a hermetically sealed container such 

20 as an ampoule or sachette indicating the quantity of active agent. Where the composition is to 
be administered by infusion, it can be dispensed with an infusion bottle containing sterile 
pharmaceutical grade water or saline. Where the composition is administered by injection, an 
ampoule of sterile water for injection or saline can be provided so that the ingredients may be 
mixed prior to administration. 

25 The compounds of the invention can be formulated as neutral or salt forms. 

Pharmaceutical^ acceptable salts include those formed with free amino groups such as those 
derived from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc., and those formed with 
_free carboxyl groups such as those derived from sodium, potassium, ammonium, calcium, 
ferric hydroxides, isopropylamine, triethylamine, 2-ethylamino ethanol, histidine, procaine, etc. 

30 The amount of the compound of the invention which will be effective in the treatment of 

cancer can be determined by standard clinical techniques. In addition, in vitro assays may 
optionally be employed to help identify optimal dosage ranges. The precise dose to be 
employed in the formulation will also depend on the route of administration, and the 
seriousness of the disease or disorder, and should be decided according to the judgment of the 

35 practitioner and each patient's circumstances. However, suitable dosage ranges for 
intravenous administration are generally about 20-500 micrograms of active compound per 
kilogram body weight. Suitable dosage ranges for intranasal administration are generally 
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about 0.01 pg/kg body weight to 1 mg/kg body weight. Effective doses may be extrapolated 
from dose-response curves derived from in vitro or animal model test systems. 

Suppositories generally contain active ingredient in the range of 0.5% to 10% by 
weight; oral formulations preferably contain 10% to 95% active ingredient. 
5 The invention also provides a pharmaceutical pack or kit comprising one or more 

containers filled with one or more of the ingredients of the pharmaceutical compositions of the 
invention. Optionally associated with such container(s) can be a notice in the form prescribed 
by a governmental agency regulating the manufacture, use or sale of pharmaceuticals or 
biological products, which notice reflects approval by the agency of manufacture, use or sale 
10 for human administration. 

EXAMPLES 
CLONING OF CANINE AND FELINE GHRH 

1. CLONING OF CANINE GHRH 

In order to clone the canine GHRH, the canine genomic library (Clonetech Lab) is 
15 screened with the radioactively labeled fragment encoding the porcine GHRH (SEQ ID No. 1) 
following protocols known to one of ordinary skill in the art. The fragment encoding the porcine 
GHRH (SEQ ID No. 1) is labeled using commercially available DNA labeling kits as 
recommended by the manufacturer. Clones identified that contain the gene coding for the 
canine precursor GHRH are isolated and sequenced by methods known to one of ordinary skill 
20 in the art. The sequence results obtained from sequencing both DNA strands of a clone is 
compared with sequences of known GHRH species and the canine GHRH is subcloned into 
appropriate plasmid vectors (e.g., pVR1012; Vical, San Diego, CA) according to protocols 
known to one of ordinary skill in the art. 

2. CLONING OF FELINE GHRH 

25 In order to clone the feline GHRH, the feline genomic library (Clonetech Lab) is 

screened with the radioactively labeled fragment encoding the porcine GHRH (SEQ ID No. 1) 
following protocols known to one of ordinary skill in the art. The fragment encoding the porcine 
GHRH (SEQ ID No. 1) is labeled using commercially available DNA labeling kits as 
recommended by the manufacturer. Clones identified that contain the gene coding for the 

30 feline precursor GHRH are isolated and sequenced by methods known to one of ordinary skill 
in the art. The sequence results obtained from sequencing both DNA strands of a clone is 
compared with sequences of known GHRH species and the feline GHRH is subcloned into 
appropriate plasmid vectors (e.g., pVR1012; Vical, San Diego, CA) according to protocols 
known to one of ordinary skill in the art. 
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SYNTHESIS OF GHRH CONSTRUCTS 

3. pGHRH-4 (pGHRH1-44WTCMV) 

In order to construct a plasmid containing the gene that codes for the natural porcine 
GHRH polypeptide and to have the latter secreted into the blood circulation when such 
5 plasmids are injected into animals, primers designated GHRH-1 (SEQ ID No. 61), GHRH-2 
(SEQ ID No. 62), GHRH-4 (SEQ ID No. 66), and GHRH-7 (SEQ ID No. 67) were synthesized. 
The primers were used in reverse transcription polymerase chain reactions (RT-PCRs) to 
amplify the human GHRH signal sequence from human mRNA and the porcine GHRH protein 
sequence from porcine mRNA. The resulting PCR-amplified human GHRH signal sequence 

10 and porcine GHRH protein sequence were digested with Bgl II and Bam HI, respectively. Then 
the fragments were ligated together and cloned into the Bam HI site of the plasmid pVR1012 
(Vical, San Diego, CA) to produce a plasmid designated pGHRH-4 (Figure 1). The expression 
of the GHRH oligonucleotide (SEQ ID Nos. 1 and 2), which encodes a 75 amino acid 
polypeptide comprising the porcine GHRH protein sequence (44 amino acids) preceded by the 

15 signal sequence from human GHRH protein (31 amino acids), is driven by Cytomegalovirus 
immediate early (CMV IE) promoter/enhancer element. 

4. pGHRH1-44WTSK685 : 

A plasmid containing the polynucleotide sequences encoding the 75-amino acid GHRH 
protein described above driven by a 685 bp fragment derived from the swine a-skeletal actin 

20 promoter (SEQ ID No. 3) was constructed as described below. 

The oligonucleotide fragment encoding the 75 amino acid GHRH protein (SEQ ID No. 
1) was PCR-amplified from plasmid pGHRH-4 using a primer designated p97-S1 containing a 
Hind III site SEQ ID No. 4) and a primer designated p97-A258, containing an Xba I site (SEQ 
ID No. 5). The PCR-amplified sequence was then cloned into the Hind Ill-Xba I site of plasmid 

25 pGL3 basic (Promega) to produce a plasmid designated GHRH1-44 SK (Figure 2). A 685 bp 
fragment corresponding to a portion of the porcine a-skeletal actin promoter designated SK685 
was PCR-amplified from swine genomic DNA using primer designated SK-3, containing a Kpn I 
site (SEQ ID No. 6) and primer designated SK-4, containing a Hind 111 site; (SEQ ID No. 7). 
The PCR-amplified SK685 promoter fragment was then cloned into plasmid GHRH1-44SK 

30 digested with Kpn I and Hindlll enzymes to produce a plasmid designated GHRH1- 
44WTSK685 (Figure 3). 

5. pGHRH1-44WTSK2014 

A plasmid containing the polynucleotide sequences encoding the 75-amino acid GHRH 
protein described above operatively linked to a fragment derived from the swine a-skeletal 
35 actin promoter approximately 2014 bp (SEQ ID No. 8) was constructed as described below. 

An approximately 2014 bp fragment designated SK 2014 corresponding to a portion of 
the porcine a-skeletal actin promoter was PCR-amplified from swine genomic DNA using 
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primer designated SK-7; containing a Kpn I site (SEQ ID No. 9) and primer designated SK-8; 
containing a Hind III site; (SEQ ID No. 10). The PCR-amplified SK2014 promoter fragment 
was then cloned into plasmid GHRH1-44SK which was digested with Kpn I and Hind III 
enzymes to produce a plasmid designated GHRH1-44WTSK2014 (Figure 4). 

6. pG HRH 1 -29WTCMV 

A plasmid containing the polynucleotide sequences encoding the signal sequence 
derived from human GHRH polynucleotides and encoding amino acids 1-29 of swine GHRH 
protein was produced as described below. 

An approximately 189 bp DNA fragment was PCR-amplified from plasmid pGHRH-4 
using primer designated GHRH-5, containing a Bam HI site; (SEQ ID No. 11) and primer 
designated GHRH-6, containing a Bgl II site; (SEQ ID No. 12). The PCR-amplified fragment 
was digested with Bam HI and Bgl II enzymes and cloned into plasmid pVR1012 (Vical, San 
Diego, CA) which was digested with Bam HI and Bgl II enzymes to produce a plasmid 
designated GHRH1 -29WTCMV (SEQ ID No. 51) in which expression of the GHRH 1-29 
protein is driven by CMV IE promoter/enhancer sequences. 

7. pGHRH1-29YWTCMV 

In order to produce novel variants of GHRH protein with enhanced stability to 
enzymatic degradation (e.g. DPPIV enzyme degradation) a plasmid containing polynucleotide 
sequences encoding the signal sequence of human GHRH and an altered version of the 1-29 
porcine GHRH protein was produced. The alteration consisted of the addition of an extra 
tyrosine residue just preceding the first tyrosine residue of the natural porcine GHRH 1-29 
sequence- This modification alters the amino terminal in such away that it is no longer 
recognized or cleaved by DPPIV enzyme. A plasmid containing the gene for this variant 
GHRH protein was produced as described below. 

A set of overlapping oligonucleotides (SEQ ID Nos. 13-25) were synthesized, mixed, 
and GHRH was amplified using the PCR method. The PCR reaction resulted in the formation 
of a fragment of approximately 192 bp encoding amino acids 1-29 of GHRH in which 
nucleotides encoding a tyrosine residue were inserted immediately 5* to the coding sequence 
of GHR(1-29) and further containing a Bam HI site (5' end) and an Bgl II site (3' end ). The 192 
bp fragment was then digested with Bam HI and Bgl II enzymes and cloned into plasmid 
pVR1012 which was digested with Bam HI and Bgl II enzymes to produce plasmid designated 
GHRH1-29YWTCMV (SEQ ID No. 52) in which expression of GHRH1-29 (now 30) is driven by 
CMV IE promoter enhancer elements. 

8. pGHRHI -29YWTSK685 

A plasmid containing the 192 bp fragment described above in Section 5 under the 
control of the SK685 promoter fragment was produced as described below. 
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The 192 bp fragment was amplified with two primers designated p99-S1, containing a 
5' end Hind lit site; (SEQ ID No. 26) and p99-A214, containing a 3' end Xba I site; (SEQ ID No. 
27). The PCR-amplified fragment was then digested with Hind III and Xba I enzymes and 
cloned into plasmid GHRH1-29 Yala1522SK685 (see below) also digested with Hind III and 
5 Xba I enzymes to produce plasmid GHRH1-29YWTSK685 (SEQ ID No. 53). 

9. pGHRH1-29YWTSK2014 

A plasmid containing the 192 bp fragment described above in Section 5 under the 
control of the SK2014 promoter fragment was produced as described below. 

The 192 bp fragment was amplified with two primers designated p99-S1 containing a 
10 5' end Hind III site; (SEQ ID No. 28) and p99-A214 containing a 3' end Xba I site; (SEQ ID No. 
29). The PCR-amplified fragment was then digested with Hind III and Xba I enzymes and 
cloned into plasmid GHRH1-29 YAla 1522SK2014 (see below) also digested with Hind III and 
Xba I enzymes to produce plasmid GHRH 1 -29YWTSK201 4 (SEQ ID No. 54) . 

10. pG HRH 1 -29 YAla 1 522C M V 

15 In order to produce novel variants of GHRH protein with enhanced stability to 

enzymatic degradation (e.g., due to DPPIV enzyme) and enhanced potency, a plasmid 
containing the signal sequence of human GHRH and an altered version of the 1-29 porcine 
GHRH protein was produced. The alteration consisted of the addition of an extra tyrosine 
residue just preceding the first tyrosine residue of the natural porcine GHRH 1-29 sequence 

20 and replacement of glycine 15 and leucine 22 with alanine. These modifications alter the 
amino terminal end of GHRH1-29 in such away that it is no longer by recognized or cleaved by 
the DPP IV enzyme and the modified protein has enhanced potency relative to the 29 or the 44 
amino acid GHRH protein. A plasmid containing the gene for this variant protein was produced 
as described below. 

25 A set of overlapping oligonucleotides were synthesized (SEQ ID Nos. 30-42), mixed 

and amplified using the PCR method. The PCR reaction resulted in the formation of a 
fragment of approximately 192 bp containing a Bam HI site (5' end) and an Bgl II site (3* end) 
and in which an extra three nucleotides encoding for tyrosine is immediately 5' to the 
nucleotide sequence encoding the natural tyrosine at position 1 of the GHRH1-29 sequence. 

30 Furthermore, the alteration included replacement of the 3 nucleotides encoding glycine 15 with 
three nucleotides encoding alanine and replacement of three nucleotides encoding leucine 22 
with three nucleotides encoding alanine. The 192 bp fragment was then digested with Bam HI 
and Bgl II enzymes and cloned into plasmid pVR1012 which was digested with Bam HI and Bgl 
II enzymes to produce plasmid designated GHRH1-29YAIa 1522CMV in which expression of 

35 the variant GHRH1-29 (now 30) is driven by CMV IE promoter enhancer elements (SEQ ID No. 
55). 
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11. pGHRH1-29YAIa15225K685 

A plasmid containing the GHRH1-29YAIa1522 fragment described above under the 
control of the SK685 promoter fragment was produced as described below. 

An approximately 192 bp fragment as described above in Section 8 was PCR- 
amplified with primers designated p99-S1 t containing a Hind III at 5' end (SEQ ID No. 26) and 
p99-A214 containing a Xba I site at 3' end; (SEQ ID No. 27). The PCR-amplified fragment was 
digested with Hind 111 and Xba I enzymes and cloned into plasmid pGL3 (Promega) also 
digested with Hind III and Xba I to produce plasmid GHRH1-29YAIa 1522SK (SEQ ID No. 56). 
A 685 bp fragment corresponding to a portion of the porcine a-skeletal actin promoter was 
PCR-amplified from swine genomic DNA using primers SK-3 (Kpn I site) and SK-4 (Hind 111 
site). This fragment was designated SK685. The PCR-amplified SK685 promoter fragment 
was then cloned into plasmid GHRH1-29YAIa1522SK digested with Kpnl and Hindlll enzymes 
to produce a plasmid designated GHRH1-29YA1a1522SK685 (SEQ ID No. 57). 

12. pGHRH1-29Yala1522SK2014 

A plasmid containing the GHRH1-29YAIa1522 fragment described above under the 
control of the SK2014 promoter fragment was produced as described below. 

An approximately 192 bp fragment as described above in Section 8 was PCR amplified 
with primers designated p99-S1 containing a Hind 111 at 5' end; (SEQ ID No. 26) and p99-A214 
containing a Xba I site at 3' end; (SEQ ID No. 27). The PCR-amplified fragment was digested 
with Hind III and Xba I enzymes and cloned into plasmid pGL3 (Promega) also digested with 
Hindlll and Xba I to produce plasmid GHRH1-29YAIa1522SK. An 2014 bp fragment 
corresponding to a portion of the porcine a-skeletal actin promoter was PCR-amplified from 
swine genomic DNA using primers SK-7 containing a Kpn I site and SK-8 containing a Hind III 
site. This fragment was designated SK2014. The PCR-amplified SK2014 promoter fragment 
was then cloned into plasmid GHRH1-29YAIa1522SK digested with Kpn I and Hind III 
enzymes to produce a plasmid designated GHRH1-29YAIa1522SK2014 (SEQ ID No. 58). 

13. pGHRH 1-44YWTCMV 

In order to produce novel variants of GHRH protein with enhanced stability to 
enzymatic degradation (e.g., due to DPPIV enzyme) a plasmid containing the signal sequence 
of human GHRH and an altered version of the 1-44 porcine GHRH protein was produced. The 
alteration consisting of the addition of an extra tyrosine residue immediately 5 1 to the nucleotide 
sequence encoding the first tyrosine residue of the natural porcine GHRH 1-44 sequence. This 
modification will alter the amino terminal end in such away that it is no longer by recognized or 
cleaved by DPPIV enzyme. A plasmid containing the gene for this modified GHRH protein is 
produced as described below. 

A set primers designated GHRH-1 (SEQ ID No. 61) and GHRH-3 (SEQ ID No. 65) 
were used in a PCR reaction amplify the human GHRH signal sequence and porcine GHRH 
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from pGHRH1-29YWTCMV. The resulting GHRH fragment was digested with Bam HI and Bgl 
ll t and cloned into the Bam HI site of plasmid pVR1012 (Vical, San Diego, CA) to produce the 
plasmid designated GHRH1-44YWTCMV (SEQ ID No. 59). 
14. SYNTHESIS OF GH CONSTRUCTS 

In order to provide plasmid constructs containing GH genes suitable for treatment of 
growth hormone maladies or to enhance animal health and productivity, the construction of 
plasmids of the invention and their methods of use are described below in detail. 

The canine GH gene was cloned into plasmids vectors suitable for the various aspects 
of the present invention using the following procedures. Total RNA was prepared from the 
pituitary gland of a dog using the RNAzol B method using reagents and procedures from 
Biotecx Laboratories, Houston TX. Briefly, about 0.15 mg of the tissue was homogenized in 2 
ml of RNAzol B solution in a RNase-free glass homogenizer. The material was then divided 
into two equal halves, and RNA extracted by chloroform and ethanol precipitation. The nucleic 
acid pellet was dried and taken up in RNase-free water. Reverse transcription (RT) of total 
RNA was done in a 20 ml volume using 0.02 mg of RNA, 138 pmol of oligo #2 (SEQ ID No. 
43), 1 mM MnCI 2 , and the recommended amounts of dNTPs and rTth enzyme from the RT- 
PCR kit purchased from Perkin-Elmer, Norwalk, CT. The reaction was incubated at 70D for 1 1 
min in a Perkin-Elmer Thermal cycler. The completed (RT) reaction was then subjected to 
PCR following addition of 66 pmol of oligo #1 (SEQ ID No. 44), 2.5 mM MgCI 2 , and chelating 
buffer from the RT-PCR reaction kit. The PCR conditions were as follows: 94 C f 1 min; 55 C, 1 
min; and 72 C, 2 min; for 32 cycles. The DO. 7 kb PCR-amplified DNA fragment obtained was 
cloned into plasmid pCRScript purchased from Stratagene, La Jolla, CA and used according to 
manufacturer's recommendations. The recombinant plasmid thus generated was termed cCG- 
SP. The insert fragment was partially sequenced and confirmed to contain the growth 
hormone ("GH") DNA sequences. cGH-SP plasmid DNA was then used as a template to PCR- 
amplify using oligonucleotides oligo #3 (SEQ ID No. 45) and oligo #4 (SEQ ID No. 46) using 
reagents from the PCR system kit from Perkin-Elmer using standard procedures and following 
cycling conditions: 94 C, 1 min 1 cycle; 94 C, 30 sec; 55 C, 30 sec; 72 C, 1 min; 30 cycles. 
The DO. 7 kb PCR-amplified DNA fragment obtained was subjected to column purification 
(Qiagen, Chatsworth, CA), and digested with restriction enzymes EcoRV and Bglll by standard 
protocols (Sambrook et al., 1989). The digested PCR fragment was ligated to EcoRV-Bglll 
digested pCMV-MCS, a plasmid derivative of pCMVb (Clontech, Palo Alto, CA), engineered to 
contain multiple cloning sites in place of lacZ gene. The ligation product was used to transform 
E. coli, and transformants were selected for resistance to ampicillin (pCMV-MCS-enooded 
marker). Transformants were analyzed by plasmid DNA preparation and restriction site 
analysis, and a clone of the GH DNA sequences in pCMV-MCS was isolated (termed 
pCGH#9). The insert sequences were completely sequenced by standard procedures to 



-29- 



confirm presence of GH DNA sequences. The EcoRV-Bglll GH fragment from pCGH#9 has 
also been sub-cloned into gene therapy plasmid VR1012 (obtained from Vical, San Diego, CA). 
This clone referred to as pC51. 

15. SYNTHESIS OF GH-GHRH CONSTRUCTS 

A GH-GHRH fusion protein, comprising the carboxy terminal 20 amino acids of GH 
and full length wildtype GHRH is produced. The full length GHRH gene is PCR 
amplified from plasmid pGHRH-4 using two primers designated GHRH-1 containing a Bgl II 
site (SEQ ID No. 61) and GHRH-2 containing a Bam HI site (SEQ ID No. 62). The PCR- 
amplified fragment is then cloned into the Bam HI site of the pVR1012 plasmid. Two 
complementary oligonucleotides encoding the carboxy terminal amino acids 172-191 of GH 
(GH-1 oligo.; SEQ ID No. 62 and GH-2 oligo.; SEQ ID No. 63) are synthesized. The GH-1 and 
GH-2 oligonucleotides are annealed and cloned into the Bam HI site of the pVR1012 plasmid 
containing the full length GHRH gene to produce pGHRH1-44WTGHpep (SEQ ID No. 60). 

16. IN VITRO STUDIES ASSESSING GHRH EXPRESSION LEVELS 

In order to assess the expression level of GHRH from pGHRH-4, this plasmid or 
pVR1012 was transfected into C2C12 mouse myoblasts using the fugene reagent according to 
the manufacturers recommendations (Boehringer Ingelheim). Supernatant harvested from 
transfected and non-transfected cells at various time points were assayed for the presence of 
GHRH using a commerically available radioimmune assay kit (Pennisuta Laboratories). The 
results depicted in Figure 5 indicate that GHRH production could be detected 24 hours post- 
transfection. 

17. THE EFFECT OF GH PLASMID INJECTION 
ON SWINE GROWTH 

In order to evaluate the effect of a single injection of plasmids containing GH gene on 
swine growth, experiments addressing the effect GH treatment on swine of different ages were 
carried out according to the experimental design described below. 

MATERIALS & METHODS 

Thirty six 3-week old (weaned) cross-bred (Yorkshire X landrace) pigs of mixed sex 
were brought into experimental barns and maintained for an acclimation period of 3 weeks. 
Animals were kept in pens (2/pen) according to treatment group. Animals were fed daily a 
non-medicated commercial pig diet ad libitum (16% protein pellet until approximately 45 Kg 
body weight and then a 14% protein pellet until slaughter) and fresh water was available ad 
libitum. Animals were randomized into one of four treatment groups (A-D; table 1) according to 
weight, sex and litter. Eight animals in group A were injected once with plasmids containing 
GH gene at 6 weeks of age. Controls (10 animals; group C) were injected with blank plasmid 
vector when they were also 6 weeks of age. Eight animals in group B were injected once with 
plasmids containing GH gene at 13 weeks of age. Controls (group D; 10 animals) were 
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injected with blank plasmid vector when they were also 13 weeks of age. Food consumption 
was recorded daily for each pen and animals were weighed on two consecutive days each 
week until slaughter. Loin eye area and back fat were quantified at slaughter. 

Table 1. Experimental Design 

5 



Group 


Number of 
Animals 


Plasmid dose 


Age at time of 
injection 


Weight at 
time of 
injection 


A 


8 


4.6 mg 


6 weeks 


12.4 


B 


8 


4.6 mg 


13 weeks 


4.2 


C 


10 


Placebo 


6 weeks 


13.8 


D 


10 


Placebo 


1 3 weeks 


41.9 



RESULTS 

As shown in table 2, treatment of 6 week-old pigs with plasmids encoding GH gene 
results in enhanced performance. This is evident by the 5% increase in weight gain and 5.1% 

10 increase in Average daily gain (ADG) achieved in GH injected animals versus placebo injected 
pigs. Moreover, the data shows that GH plasmid injection resulted in an improvement of 3.3 % 
in feed efficiency (ratio of feed consumed relative to weight gain) as well as an increase of 
7.2% in loin eye area of GH plasmid injected animals. 

The data in table 3 shows that treatment of 1 3 week-old pigs with plasmids encoding 

15 GH gene results in an even higher magnitude of increase in animal performance relative to age 
placebo injected controls than treatment of 6 week-old pigs. This is evident by the 9.5% 
increase in weight gain and 9.3% increase in Average daily gain (ADG) achieved in GH 
injected animals versus placebo injected pigs. Moreover, the data shows that GH plasmid 
injection resulted in an improvement of 6.7 % in feed efficiency (ratio of feed consumed relative 

20 to weight gain) as well as an increase of 6.8% in loin eye area of GH plasmid injected animals. 
Thus treatment of animals with plasmids containing GH gene results in enhanced animal 
growth and performance. 
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Table 2: The effect of GH plasmid administration of weight gain 



Group 


A 


C 


% Improvement 


Weight at injection 
time 
(Kg) 


12.4 


13.8 




Weight gain 3 


77.7 


73.8 


5.0% 


ADG b 


.79 


.75 


5.1% 


total feed 
intake/pen c 


473.3 


457.6 


3.4% 


Feed 
intake/pen/day d 


4.8 


4.7 


2.1% 


feed to gain 6 


3.03 


3.13 


3.3% 


Loin eye area at 
Slaughter (Cm 2 ) 


39.51 


36.83 


7.2% 



a-»e = from time of injection to time of slaughter 
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Table 3: The effect of GH plasmid administration of weight gain 



Group 


B 


D 


% Improvement 


Weight at injection 
time 
(Kg) 


42.0 


41.9 


N/A 


Weight gain 3 


52.1 


47.6 


9.5% 


ADG b 


1.06 


.97 


9.3% 


total feed 
intake/pen 0 


309.6 


300.7 


3.0% 


Feed 
intake/pen/day d 


6.3 


6.1 


3.3% 


feed to gain e 


3.0 


3.2 


6.7% 


Loin eye area at 
Slaughter (Cm 2 ) 


41.61 


. 38.96 


6.8% 



a-*e = from time of injection to time of slaughter 
5 A number of references have been cited and the entire disclosures of which are 

incorporated herein by reference. 

The present invention is not to be limited in scope by the specific embodiments 
described which are intended as single illustrations of individual aspects of the invention, and 
functionally equivalent methods and components are within the scope of the invention. Indeed 
10 various modifications of the invention, in addition to those shown and described herein will 
become apparent to those skilled in the art from the foregoing description and accompanying 
drawings. Such modifications are intended to fall within the scope of the appended claims. 



